Background Falls are common among older people with intellectual disability (ID) and are also a major contributor to injuries in this population. Yet, fall characteristics have only been sparsely studied, and the results are inconsistent. The aim of the present study was to investigate type of falls, places where they occurred and activities that caused them, as well as health outcomes and health utilisation patterns after falls, among older people with ID in comparison with their age peers in the general population. Methods We established an administrative cohort of people with ID aged 55 years, or more, and alive at the end of 2012 (ID cohort; n = 7936). A cohort from the general population, one-to-one matched by sex and year of birth, was used as referents. Data regarding fall-induced health care episodes in inpatient and outpatient specialist care were collected from the National Patient Register for the period 2002-2012. Results With the exception of falls from one level to another (i.e. fall on and from stairs and steps, ladder
Background
Falls are common among people with intellectual disability (ID) (Sherrard et al. 2001; Cox et al. 2010; Finlayson et al. 2010; Hsieh et al. 2012; Smulders et al. 2013; Enkelaar et al. 2013a; Foran et al. 2016; Sandberg et al. 2017; Finlayson 2018) . In a recent review, Finlayson (2018) described how falling may have serious consequences for people with ID, including loss of confidence, injury and death. Indeed, falling is a major contributor to injuries among people with ID (Hsieh et al. 2001; Finlayson et al. 2010) . Injuries, in turn, are a major cause of hospitalisation (Skorpen et al. 2016) . However, although people with ID are equally likely as people in the general population to be admitted to hospital for injuries, they are less likely to have injury-related emergency room visits (Wang et al. 2002) . Thus, in order to enable preventive measures and ensure proper health care after falls in this vulnerable population, it is important to investigate the characteristics of their falls, as well as current health care patterns associated with falls among them. However, the scarce data regarding fall characteristics among people with ID are inconsistent. For example, whereas one study (Pal et al. 2014) found that most falls occurred indoors, another (Smulders et al. 2013) found outdoor falls to be more common. A qualitative study by Cahill et al. (2014) identified 17 different themes that contributed to falls and that could be organised under three headings: individual, behavioural or contextual factors. This study also found that falls affected both the individual with ID, in terms of direct consequences as anxiety, and reduced independence, as well as their carer, with feelings of guilt and support demands. In addition, the person with ID and their carer also made several adaptions after a fall. Depending on the individual's level of insight, this included changed mobility patterns, increased reliance on external support among people with ID, modifications to the environment and greater physical and verbal assistance among the carers (Cahill et al. 2014) .
In recent decades, the life expectancy of people with ID has increased (Coppus 2013) , as has the proportion of people with ID aged 65 years, or more (Bigby 2007; Blackman 2007) . In the general population, increasing age is a major risk factor for falls (World Health Organization 2007) . Even so, of the studies described earlier, only a few have focused on older people with ID (Smulders et al. 2013; Enkelaar et al. 2013a; Foran et al. 2016; Sandberg et al. 2017) , and only one included comparisons with a same-aged group from the general population (Sandberg et al. 2017) , and then only to compare occurrence of falls. Thus, to the best of our knowledge, there is a lack of literature regarding fall characteristics and fall-related health care needs among older people with ID in comparison with the general population.
The aim of the present study was to investigate type of falls, places where they occurred and activities that caused them, as well as health outcomes and health care utilisations patterns after falls among older people with ID in comparison with their age peers in the general population.
Methods
The present study is register based, using Swedish national registers both to identify the study cohorts and to provide information on outcomes (i.e. falls).
Cohorts
A cohort of people with ID (ID cohort) was established based on the so-called LSS register. This register is maintained by the Swedish National Board of Health and Welfare and contains national data on support and services provided to people with ID or autism spectrum disorder (ASD) according to the Act Concerning Support and Service for Persons with Certain Functional Impairments (the LSS act) (SFS 1993 (SFS :387, 1993 . All people aged 55 years, or more, with at least one measure of support during 2012, and alive at the end of this year were included in the cohort. We chose 55 years as cut-off as ageing occur at an earlier chronological stage among people with ID (Haveman et al. 2010) . Although a diagnosis of either ID or ASD is required to obtain support according to the LSS act, no diagnosis is recorded in the register. Thus, we may have included people with ASD but without ID.
Statistics Sweden provided a referent cohort of people from the general population (gPop), matched by sex and year of birth. Each cohort comprised 7936 people (3609 women and 4327 men) aged 55 years, or more, and alive at the end of 2012.
Outcomes
The Swedish National Patient Register contains information on all inpatient care episodes and outpatient specialist visits. When the health care episode is caused by a particular reason, as defined by the ICD-10 chapter XX (external causes for morbidity and mortality), the physician should record this external cause as well as a primary diagnosis. For example, if a person falls from a tree and fractures his or her arm, the primary diagnosis would be recorded as fracture of shoulder and upper arm (S42), and the external cause would be registered as fall from tree (W14). We defined fall-related health care contacts as those registered with W00-W19 during the study period (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) and used these as a proxy for falls.
We investigated three groups of outcomes: fall characteristics, health outcomes after falls and patterns of health care utilisation due to falls.
Fall characteristics
To describe fall characteristics, we used number of falls during the study period, type of fall, place where the fall occurred and the activity the person was engaged in at the time of fall.
Information on type of fall was obtained from the ICD-10 codes for the health care visits and aggregated to falls on the same level [fall on the same level involving ice and snow (W00), fall on same level from slipping, tripping and stumbling (W01), fall involving iceskates, skis, roller-skates or skateboards (W02), other fall on same level due to collision with, or pushing by, another person (W03) and other fall on same level (W18)], falls involving furniture/equipment [fall involving wheelchair (W05), fall involving bed (W06), fall involving chair (W07), fall involving other furniture (W08) and fall involving playground equipment (W09)], falls from one level to another [fall on and from stairs and steps (W10), fall on and from ladder (W11), fall on and from scaffolding (W12), fall from, out of or through building or structure (W13), fall from tree (W14), fall from cliff (W15), diving or jumping into water causing injury other than drowning or submersion (W16) and other fall from one level to another (W17)] and other falls [fall while being carried or supported by other persons (W04) and unspecified fall (W19)].
The fourth digit of the ICD-10 code was used to determine the place of the fall, specified as home, institution, school or other public area, sport facility, street, shopping and service area, industrial area, agricultural area or other area. The fifth digit of the ICD-10 code was used to determine the activity when the fall occurred, specified as sports, hobby or free time, work, other occupation, vital activity, other activity or unspecified activity.
Health outcomes after falls
We assessed health outcomes as primary diagnosis for the visit, injured body part and injury type. When the primary diagnosis was injury to a specific body part, information on injured body part was collected from the second digit of the ICD-10 code. Available options were head, neck, abdomen/lower back/lumbar spine/pelvis, shoulder/upper arm, elbow/forearm, wrist/hand, hip/thigh, knee/lower leg and ankle/foot. Moreover, when the primary diagnosis was injury to a specific body part, information concerning the type of injury was obtained from the third digit of the ICD-10 code. Available options were superficial injury, open wound, fracture, dislocation, sprain/strain, traumatic amputation, and other injuries.
Patterns of health care utilisation due to falls
In order to study patterns of health care utilisation, we collected information on type of care, length of stay and readmissions. When considering type of care, we categorised each visit as either planned (i.e. when the appointment was made beforehand) or unplanned, and determined if the visit was to inpatient or outpatient specialist care, and to which clinic. Length of stay for inpatient care episodes was determined for each individual, both as the total time during the study period and as the average time for each inpatient care episode. Readmissions were defined as a second fall-related health care contact within 30 days.
Statistics
Analyses of dichotomous outcomes (e.g. having at least one fall) were performed using generalised linear models, estimating relative risks with 95% confidence intervals. Categorical outcomes with more than two levels were analysed using Pearson's chi-square. Number of falls was compared using Mann-Whitney U-test.
All analyses were performed using IBM SPSS Statistics version 23.0. Analyses were only performed when both groups to be compared comprised more than five individuals. A two-sided P-value below 0.05 was considered statistically significant.
Ethics approval
Approval was obtained from the Regional Ethical Review Board in Lund (no. 2013/15). The National Board of Health and Welfare and Statistics Sweden performed separate secrecy reviews before providing access to the data. All analyses were performed using anonymised data sets. The authors assert that all procedures contributing to this work comply with the ethical standards of the relevant national and institutional committees on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008.
Results

Fall risk
The yearly incidence of falls increased over time in both cohorts, from 3.5% in 2002 to 6.6% in 2012 in the ID cohort and from 1.7% to 3.2% in the gPop cohort (Fig. 1) . Similarly, the yearly fall rate increased from 0.06 to 0.13 in the ID cohort and from 0.03 to 0.06 in the gPop cohort.
People in the ID cohort had increased risk of all types of falls except for falls from one level to another ( Table 1) . Among those with at least one fall, the median number of falls was two. This was true in both cohorts as well as in all subgroups within the ID cohort. However, there was a shift towards more falls (i.e. a longer 'tail' of the distribution above the median) in the ID cohort compared with the gPop cohort (P < 0.001; Fig. 2 ).
Fall characteristics
Information on where the fall occurred was available for 5268 falls (66%) in the ID cohort and 2572 falls (70%) in the gPop cohort. People with ID who had at Figure 1 Yearly percentages of people with at least one fall (bars) and yearly fall rate (line) in a cohort of people with intellectual disability (ID) and a referent cohort from the general population (gPop), one-to-one matched by sex and year of birth. least one fall during the study period were more likely than their counterparts in the gPop cohort to have fallen at an institution ( Table 1) . They were less likely to have fallen in a gym or an industrial or agricultural area, as well as in 'other areas'.
The activity at the time of the fall was recorded for 7995 (99%) of the falls in the ID cohort and for 3656 (99%) of the falls in the gPop cohort. People in the ID cohort were more likely to have fallen during a vital activity (e.g. attending to personal hygiene, resting, sleeping or eating) but less likely to have fallen during work or other occupation ( Table 1) . They were also more likely to have 'unspecified activity' recorded.
Health outcomes after falls
The most common single primary diagnoses after fall in the ID cohort were fracture of lower leg (including ankle; S82 in ICD-10; representing 16%, n = 1413 of all falls), fracture of femur (S72; 11%, n = 995) and fracture of forearm (S52; 9%, n = 795). In the gPop cohort, the most common diagnoses were fracture of forearm (S52; 16%, n = 596), fracture of lower leg (including ankle; S82; 12%, n = 426) and fracture of femur (S72; 6%, n = 204).
The majority of the falls in both the ID (n = 7219, 90%) and gPop (n = 3270, 89%) cohorts had a diagnosis of injured body part (chapter S in Percentage based on number of people in the cohort with at least one fall during the study period. Bold text indicates statistically significant differences. CI, confidence interval; RR, relative risk.
ICD-10). Knee and lower leg was the most commonly injured body part in both cohorts, albeit tied with elbow and forearm in the gPop cohort ( Table 2) . People in the ID were more likely than those in the gPop cohort to injure their head or leg (hip/thigh as well as knee/lower leg) when falling. They were less likely to injure the thorax, elbow and forearm.
The most common type of injury was fractures, which represented more than half of the injuries in both cohorts (Table 2) . When falling, people in the ID cohort were more likely than their counterparts in the gPop cohort to sustain superficial injury, open wound and fracture. However, dislocation, sprain, and strain, and other/unspecified type of injury were more common in the gPop cohort.
Health care utilisation patterns
Falls in the ID cohort were more likely than those in the gPop cohort to be recorded in inpatient care, and among those with at least one fall, people in the ID cohort were more likely to have had at least one fall leading to inpatient care (Table 3) . Falls in the ID cohort were more likely than those in the gPop cohort to result in unplanned health care (inpatient and outpatient combined), and people in the ID cohort with at least one fall were more likely to have had an unplanned health care visit.
Visits to an orthopaedic department were most common in both the ID and gPop cohorts ( Table 3) . Among those with at least one fall, people in the ID cohort were more likely than those in the gPop cohort to ever have their fall recorded in a surgical or 'other' department, whereas no differences were found for visits to the emergency or orthopaedic departments.
People in the ID cohort with at least one inpatient care episode had longer length of stay than their counterparts in the gPop cohort, both regarding per health care contact and total for the study period (both P < 0.001; Fig. 2) . People in the ID cohort were also more likely to be readmitted within 30 days after a fall (Table 3) .
Discussion
Older people with ID are at higher risk of falls than their age peers in the general population. They are especially likely to fall at their residence and during a vital activity. When falling, they are more likely to injure their head, hips and legs. Moreover, they are more likely to have serious injuries, such as open wound and fractures, but they also have an increased risk of superficial injuries.
There are some potential weaknesses with the present study that need to be considered before interpreting the results. We used receiving support intended for people with ID or ASD as a proxy for having ID. This may have caused misclassification in two ways. First, people with ASD but without ID may have been included in the ID cohort. Both ASD and ID are diagnoses normally made during childhood and adolescence, and considering the age group investigated, we cannot expect to find these diagnoses for all study participants in the patient register during the study period. However, we found either ID or ASD diagnosis for 2494 (31%) people in the ID cohort. Of these, only 347 (14%) had ASD diagnosis but no ID diagnosis. Thus, the impact of including 
RR (95% CI)
Body part injured Head 374 (11) 1080 (15) 228 (15) 668 (25) 1.63 (1.42-1.87) Neck 38 (1) 62 (1) 23 (2) 29 (1) (2) 75 (5) 116 (4) 0.86 (0.65-1.14) Shoulders and upper arm 461 (14) 877 (12) 221 (15) 443 (17) 1.12 (0.96-1.29) Elbow and forearm 647 (20) 898 (12) 287 (19) 420 (16) 0.81 (0.71-0.93) Wrist and hand 349 (11) 678 (9) 198 (13) 367 (14) 1.03 (0.88-1.21) Hip and thigh 294 (9) 1205 (17) 163 (11) 664 (25) 2.27 (1.93-2.66) Knee and lower leg 662 (20) 1737 (24) 323 (22) 707 (27) 1.22 (1.09-1.37) Ankle and foot 209 (6) 401 (6) 159 (11) 295 (11) people with ASD but not ID should be minor. The second way would be if people with ID did not receive support and therefore were not included in the register. However, considering the age group investigated, it is unlikely that support, or sufficient support, is provided by parents. Moreover, there is no tradition in Sweden of taking care of siblings or other relatives with disabilities. Thus, it is likely that the ID cohort composes -if not all so at least a vast majority -of older people with ID in Sweden. Both the World Health Organization and the United Nations define 'older persons' as those being 60 years or over. However, among people with ID, the ageing process is believed to start earlier, as indicated by earlier onset of age-related diseases (Kapell et al. 1998; Janicki et al. 1999; Haveman et al. 2011; Evenhuis et al. 2012; Axmon et al. 2016) . Thus, we decided to use a lower cut-off in our definition of 'older' and included people 55+ years. Still, in using retrospective data, the actual age of the people in the study at the start of the study period was 44+ years. This way, we expect to have captured not only falls due to old age but also those occurring in earlier phases of the ageing process.
In the present study, we used health care visits in inpatient and outpatient specialist care registered as due to falls as proxies for severe falls, as primary care data are not included in the patient register. Thus, differences between people with ID and the general population may occur if there are differences between these two groups with respect to the prevalence of such falls but also if they result in different health care-seeking patterns. The latter may in turn be explained by differences in the outcome of the fall but also in inclination to seek care and preferences in type of care (e.g. primary care vs. specialist care). The increased risk among people with ID of having at least one fall recorded during the study period could therefore be a result of a higher prevalence of falls, a higher risk of injury after falls or a higher likelihood of seeking specialist care when injured. Most likely, it is a combination of these three.
With respect to the first, prevalence of falls, previous studies investigating actual falls rather than health care visits due to falls have found an increased risk among older people with ID (Smulders et al. 2013) . There may be several reasons for this. During the entire lifespan, people with ID are consistently found to have lower balance and gait capacities (Enkelaar et al. 2012) , as well as poor perceptualmotor coordination (Carmeli et al. 2008; Boot et al. 2013) . They are more likely to have medical conditions known to affect fall risk, such as epilepsy (Lukaszyk et al. 2016; Cooper et al. 2017) , diabetes mellitus (Vinik et al. 2017 ) and dementia Meuleners and Hobday 2017) , as well as to (14) 1134 (14) 385 (26) 669 (25) 0.97 (0.87-1.08) Surgical 478 (13) 1109 (14) 316 (21) 666 (25 be prescribed drugs known to increase the risk of falls, such as antidepressants, anxiolytics and hypnotics (Enderlin et al. 2015) . Thus, potential ways of decreasing the prevalence of falls among older people with ID may be physical activity and physiotherapeutic interventions (Bartlo & Klein 2011; Van Hanegem et al. 2014; Hale et al. 2016 ) and regular drug reviews. A range of fall risk assessment tools has been found suitable for use among people with ID (Waninge et al. 2011a; Waninge et al. 2011b; Hilgenkamp et al. 2012; Enkelaar et al. 2013b; Salb et al. 2015) . These include walking tests and tests of balance, mobility, physical fitness, gait capacities and strength. Performing such evaluations may also be a way to identify people with particularly high fall risk and take preventive measures among them. This, in turn, may decrease falls among older people with ID. Among older people with ID, the majority of fallrelated injuries are minor, such as bruises, scratches and/or pain, and only about 10% constitute severe injuries (whereof a third were fractures) (Enkelaar et al. 2013a) . This is similar to the 5-10% of falls resulting in fractures found in the older general population (Peeters et al. 2009 ). However, as falls are more common among people with ID, this translates into more fall-related injuries in this population, which is also indicated by the results in the present study. We found that older people with ID had a different pattern of injuries than the general population in that they were more likely to injure their head and legs but less likely to injure their arms. High rates of face/head injuries among people with ID after a fall have also been found among adults (18+ years old) with ID (Grant et al. 2001; Cox et al. 2010; Geijer et al. 2014) . A possible explanation for these type of injuries may be that people with ID fail to use their arms and hands to protect themselves when falling, again due to, e.g. difficulties integrating perceptual and visual information into motor action (Carmeli et al. 2008; Boot et al. 2013) . It is important to be aware of this injury pattern when planning preventive measures to reduce fall-related injuries among people with ID.
We have not been able to find any previously published data regarding differences between people with and without ID in inclination to seek specialist care after a fall. However, we know that older people with ID have a different health care utilisation pattern in general than people without ID, with higher proportions of unplanned care and lower proportions of planned care, especially in high ages (Sandberg et al. 2016) . Whether such differences exist for fallinduced health care can only be speculated on. People with ID, especially those at older ages, are likely to live in special housing adapted to their needs and with staff available around the clock. Whether a fall results in a hospital visit is therefore likely to depend on the decision of the staff rather than the person with ID hisself or herself. This in turn is likely to depend on how educated the staff are regarding falls and fallrelated injuries but also the ability of the person with ID to communicate pain as well as on the visual appearance of the injury. Unless the fall results in a visible injury, such as an open wound, people with ID might not themselves understand the need for health care, neither is it obvious to the caregiver that health care is required. This may partly explain the different patterns regarding type of injury, with dislocation, sprain and strain, as well as other or unspecified injury being less common in the ID cohort. Thus, it is important that staff working with people with ID have knowledge not only of fall prevention and communication but also of fall-related injuries in this group.
That older people with ID fall at home or at an institution is most likely not an indicator of these places carrying a particular risk of falls, but rather that people with ID have few opportunities to be anywhere else than where they live, or that when going other places they have assistance. The LSS act is intended to ensure equal conditions for a fulfilling life for people with ID in relation to the general population. If they fall at their place of residence because they seldom go anywhere else, the act is not working as it is supposed to. A similar reasoning could be applied to activity when falling. If people with ID fall during vital activity because they rarely take part in other activities, the LSS act may not be not working as intended. In a recent study, leaders of group homes and daily activity centres highlighted the issue of decreased activity after retirement, suggesting that potential explanations were reduced social networks and lack of staff (Johansson et al. 2017) . Further studies should investigate if LSS indeed provides enough support for people with ID to lead an active and safe life.
People with ID have more inpatient care and longer length of stay associated with falls. One reason for this could be that they have different injuries. If so, our results indicate that the fall-related injuries sustained by people with ID are more severe than the injuries in the general population. Another explanation for the differences in health care utilisation could be that people with ID have more health problems and diagnoses (Sandberg et al. 2017 ) in addition to the fall itself, which could make the hospital stay more complicated. This could in turn be a reason for the higher degree of readmission seen among people with ID. It is important to investigate this further, to make sure that people with ID receive the care that they need after falls and are not discharged too early.
Conclusions
When planning preventive measures to reduce falls and fall-related injuries among older people with ID, it is important to acknowledge that they display a different pattern regarding place of and activity during the fall, as well as regarding the resulting injury than older people in the general population. Future studies should focus on risk factors for falls, fractures and other fall-related injuries within the group of older people with ID.
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